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ABSTRACT

A human fastors evaluation of the M60 tank was conducted by the Armor
Human Research Unit through observaticn of crew performance, interviews with
tank crewmen, and measurement of layout of crew work space, Design deficiencies
which would reduce operational effectiveness were fond in each of the four crew
positions. The findings were submitted to Continentsl Army Ccmmand and to
Ordnance Tank-Automotive Commard for review., Approved changes will be reflected
in future production of the M6O series tanks.
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Human Factors Evaluation of ‘he Tank, Combat, Full Tracked, 105-MM Gun, MéC

INTRODUCTION

The primary measure of a weapon system's value is its operational effec-
tiveness in a combat application, Ar important factor in achieving operational
effectiveness is the degree to which the human operator is integrated into
the relevant components of the system. Component characteristies which
violate the requirements for efficient operation of the system (by humans)
compromise the operational capabilities of the entire system.

Recognizing these facts, Continental Army Command} advised the US Army
Armor Center to consult with the US Army Armor Human Research Unit in conduct~
ing the troop evaluation of the M60, 105-MM Gun Tank, The Armor Center there-~
fore requested the Unit to participate.2 The purpose of this part of the
evaluation was to determine human factors problem areas likely to be encountered
with component systems of the M60, Armor Human Research was to specify those
components for which avoidable safety or humen engineering deficiencies

appeared to decrease system efficieacy.

PROCEDURE
Several handbooks are available in which the results of a large number
of human engineering studies are collated in summary form; the collation
irdicates the critical requirements which determine optimum operating and
safety requirements for wan-machine systems (e. g., 3, 7, 8, 17, 18), On
the basis of the information contained in these handbooks, a list of human .
factors which are critically related to the safety, ease, and accuracy of

operation of various types of equipment was developed, These factors were

Lietter, ATING-D&R 451.6/18 (C), 2 May 1960, Hq USCONARC, subject,
"Troop Evaluation of the M60 Tank" (U),

2Letter, ATBK~SBA, 25 June 1960, US Army Armor Center, subject, "Troop
#valuation of the MO0 Tank.!




then applied in check list form to each component of the M60 tank (4) which
vas rclevont to erew functioning.3 The resulting "Human Factors Check List
for the M60 Tank" was intended for use as a guide for completing the human
factors analyses. Appendix A is a copy of this check list.

The analysis of the M60 tank was conducted in three phases., During the
first phase, Armor Human Research personnel reviewed equipment characteristics
and their relation to known human engineerinyg principles. This review included
meking physical measurements of the crew work space and completing the human
factors check lists. All physical measurement was referenced to anthropometric
measures of armor personnel (2).

Percentile points were used as the most practicable elaboration of
anthropometric statistics. A percentile point is a value on the measurement
scale below which any given percentage of the cases fall, For example, the
95th percentile is the point below which 95 per cent of the measurements fall.
For this analysis it was assumed that all hardware dimensions should accommodate
at least 90 per cent of the armor personnel, Minimum dimensions were thus
referenced to the 5th percentile anthropometric measure (that which would be
exceeded by 95 per cent of the armor personnel), and meximum dimensions were
referenced to the 95th percentile unthropometric measure (that which be
exceeded by only 5 per cent of the armor personnel). For illustrative
purposes the measurement which would best illustrate the degree of deficiency
was used.

The second phase of the evaluation included both observing and interviewing

operating crews during and directly after vehicle operation for the troop

3Equipment components which were not furnished with the initial M60
models used during the troop evaluation (e. g., cupola machine gun, communication
system, etc,) were not included in the analysis.




evaluation conducted at Ft. Hood, Texas. Both observation and inderview
were referenced to the buman factors check lists,

The results of these two phases were cumbined in an integrated campilation
of safety and human engineering deficiencies. This list was then checked
against the available troop evaluation reports (15), and all items which
duplicated those in the report were eliminated because they had already been
reported. The remainming deficiencies were reviewed with represertatives from
the US Army Armor Board to eliminate any other item which did not seem to
reflect a degree of deficiency that would warrant modification of ecquipment.

RESULTS

The purpose of this study was to deternine avoidable engineering
deficiencies which might compromise the operating efficiemcy, safety, or
g comfort of the tank crew. The results of the study therefore emphaaize
3 inadequacies, although if a comparative study between this and other vehicles
were made, as many good points could probably be listed. In fact, most of
the interviews and observaticns ind’cated that a mumber of improvements over

the MUBA2 had been made, but that additional changes would greatly increase

the crew!s operating efficiency. These changes were the subject of the
analysis reported here.

Some of the changes recommended as a result of the analysis involve only
slight modification of the present equipment, Others, however, involve
more extensive modificaticn or the use of other equipment. Many of these
deficiencies appear insignificant, considered individually; but together they
could result in a considerable loss in efficiency, Further justification for
modification of the present vehicle will have to be established, since there
has been no atte.pt to determine either the exact degree of operational

3
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decrement, or the cos. of a proposed change in relation to the increase

in operating efficiency which is expected to result from that change. It
should be stressed, however, that mogt of these deficiencies could have been
avolded had more attention been given to human factors requirements during
the initial stages of equipment development,

Driver's Compartment:
The driver's compartment of the MO is too small for optimum comfort

and efficiency, but it could not be enlarged without changing the profile
of the tank. Obvionsly this condition can also be expected in future tanks,
with the increasei emphasis on iower profiles and more supporting equipment.
I% is therefore imperative that the controls within the compartment be

arranged so the driver can utilize the available work space advanisgeously

and operate the tank efficiently., Instances in which this could be accomplished

in the present M60 by rearrangement of control layout or substitution of
alternste types of control will be emphasized in the following sections.
However, several deficiencies cannot be eradicated siuply by rearrangement
or substitution., Where these def .iencies severely hamper operation, a
major modification may be required.

Work Space. One of the wore severe deficiencies reeé}icts head space
during opsration with the hatch closed. The vertical distance from the
driver's seat in its lowest position to the closed hatch cover should be
sufficient to enable 95 per cent of the drivers, wearing a tanker's helmet
and with maximum expected clothing thickness, to operate whils they are
sitting erect. In the M60 this vertical distance measures 37 inches; whereas
the sitting height of the 95th percentile man (without tanker's helmet or
heavy clothing) is 38.5 inches. While the effective working height of the

driver is betwsen 1.5 and 2 inches less than his statistical anthropometric

4




height, verticai spece is still less than that required for efficient
driving. The resulting cramped posture which the driver must assume (as
shown in Figure 1) severely limits the length of time he is able to operate
efficiently with the hatch closed.

Another deficiency is the amount of dust and mud which enter the
driver's compartment. With the models used during the troop evaluation,
both tracks threw dirt and mud over the front of the fender and through an
opening between tae hull and fender. Drivers estimated that they could not
drive over ten minutes with the hatch closed before the periscopes were
covered with mud, or twenty minutes with the hatch open before the instruments
wrre covered with mud. An equipment modification has since extended the
fenders and filled in the hull-fender space, thereby reducing the amount of
mud which enters the compartment., However, driving with the hatch closed
is still hampered by mud and dust on the periscope. A msthod of protecting
or periodically cleaning the periscope faces should therefore be provided.

Padding around the driver's hatch, particularly in the rear, is
insufficient. The bouncing and jolting of the driver during crcss country
operation might cause serious injury. The only way the driver can steady
himself is to use the steering wheel as a brace, or if the hatch is open,
to brace one arm on the edge of the hatch. Neither method provides suificient
stability, and both methods interfere with driving. It is therefore recom~-
mended that some method of securing the driver, such as seat belts and
shoulder straps with a quick release device, be provided and that heavier
padding be used to line the rim of the hatch.

Entry and Exit. The driver's compartmen: has two hatches for entry and
exit—a driver's hatch over the driver's seat, used for normal entry and
exit, and an escape hatch direci.; beneath the driver's seat, used for

5
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emergency exit by the crew.

The driver's hatch is semicircular; it measures approximetely 28.5
inches across the base and 15.5 inches in radius. fthis size is sufficient
foer normal use, although the depth would be somewhat restrictive for the
artic soldier with a clothed chest and hip depth of approximately 16 inchss (9).

The cover for the driver's hatch slides along a crecss bar which is
mounted at the rear of the hatch and which is therefore behind the driver's
head. To operate this cover, the driver must first grasp the handle and
pull the cover to a half open position, them turn, and grasping the handle
with the other hand, complete the mcvement along the croas bar. While
this operation is awkward, it does not seem to offer any paerticular difficulty
which would warrant modifying equipment. However, operation depends on
easy traverse elong the cross bar; when this bar becomes covered with mud
and debris, the cover will not traverse. Normally the cross bar can be
wiped clean periodically; but under comba. conditions quick operation would
be recquired, end the driver could not take the time to wipe the cross bar
before closing the hatch. For this situation some sort of protection for
the cross bar shonld be provided.

Mud and dirt on the hatch seal also interfere with closing the hatch.
After a short period most driver:z can not close the hatch without outside
help. Since quick one-man operation is required, this situation should
be corrscted.

Handles for the hatch cover are considered not large encuga for easy
operation, The hendle at the front of the hatch, used to close the cover,
is not large enough to provide a good grip; the lock handie is so light
that it bends whenever it is forced. These handles should be enlarged.

The location of the {urret pressure gage near the end of the cross bar

6




also interferes with closing the hatch. Whenever the hatch cover is closed
rapidly, the driver's hand hits the gage, injuring his hand and sometimes
breaking the gage. This gage should be relocated.

Another deficiency in the present hatch system is the size of the driver's
escape hatch, The diameter of the circular escape hatch is 18 inches. This is
sufficient for a man dressed in the fatigue uniform but the arctic soldier
measures approximately 28, 23 and 25 inches in the respective widths of
shoulder, chest, and hip (9). Thus, when they wear the ar:tic uniform none
of the crew are able to use the escape hatch for emergency exit. Since the
performance requirements of this vehicle provide for operation in temperatures
which would not permit unbuttoned operation without arctic gear, and which
would not enable the man to remain without arctic clothing for the length
of time necessary to exit, find cover, and put on clothing, it would seem
imperative that all hatch dimensions be made to conform to the spatial
dimensions of the arctic soldier.

Also, since the driver's escape hatch cover is concave, water collects
in the cover and rusts the controls until they are inoperative. The cover
is awkward and difficult to remove each time it fills with water; so some
method of draining should be provided.

Primary Driving Controls and Seating. The position and mode of operation

of the gear shift, steering wheel, acceleratcr, and brake, and the position

of the vision devices and instruments, all in relation to the seated position
of the driver, have an important bearing on his ability to control the vehicle.
Within the limited space of the M6Q driver's compartment, planning for
accessibility and operability of controls increases in difficulty as well as
in importance,

Seating. For optimum efficiency the driver should be able to

7




lean back slightly while he is driving. But with the hatch open and the seat in
its most {orward position, the driver must lean forward to get his head out of
the hatch. He must lean forward even more over the middle periscope to see close
enough to the front of the tank for safe driving. When the hatch is closed, the
driver must lean forward to see close to the front of the tank through the
periscope. Relocating the central point of fore and aft adjustment forward
would thus greatly increase the comfort of the driver!s position and decreszse

his postural strain and fatigue in driving for an extended period of time.

Also the support bar for the driver!s seat is not sturdy enough to with-
atand the forces exsrted by the driver in driving cross country. Many seats
were bent down during the first few miles of operaticne A sturdier support
should be provided,

The wire mesh driver!s seat is to be replaced by the M4BA2 seat (15), but
comments and observations pertaining to this seat should be considered for future
seat design, Also, if this type of seat is retained for the other crew members,
these comments would apply to all other seating in the vehicle, Since the seat
mount will be unchanged, its functioning and relation to other equipment should
still be considered.

Most drivers preferred the wire mesh seat to the usual canvas-covered seat
because of its ease of maintenance. The wire seat can simply be sprayed off
to clean, and no breaks or tears were expected. In contrast, a canvas covered
seat must be scrubbed of'ten and it rips and tears easily. But ease of main-
tenance was tne only support given for use of the wire seat. It was thought
to be hard and uncomfortable since it is not resilient enough to provide an
adequate seating surface or to enable the man to sit anywhere except in the
center of the seat, regardless of the relation of this position to the centrols

he 1s operating. It does not absorb the vibrations of ths tank, but transmits

8




all the jolts and jars to the man!s body. Lack of resiliency added to bounciness
could be expected to result in a high consumptior of energy and loss in visual
acuity over extended periods of operation (6, 11, 12, 16).

The backrest for the driver's seat was also considered to be inadequate.
It is the chisef support for the driver when he is braking, or bracing himself
for bumpy terrain, While the backrest is large enough to provide adequate
support, the lack of padding results in scraped and bruised backs during cross
country operation. Alsc the back adjustment lock is not sturdy enough to
withstand the bracing; so it does not hold the back in position.

Accelerator Pedal., The location of the accelerator pedal directly

forward of the seat causes a very cramped posture when the driver is operating
with the hatch closed. (See Figure 1.) In addition, the near vertical mounting
of the pedal results in a sharp ankle angle, especially for slow speeds., When
the hatch is open and the seat is up, the forward distance to the pedal is not
very critical, but the vertical mounting of the pedal requires that the driver
operate it by holding his fuot on the upper edge with no anchor point on which
to rest his foots In both positions the accelerator is extremely difficult to
operate, almost impossible when the driver is wearing overshoes or arctic boots.

One solution to this problem would be to move the pedal approximately six
inches forward; this change would also raise the height of the pedal about four
inches, Operatiorn with the hatch closed and with the pedal relocated forward
is depicted in Figure 2. It can be seen by comparing this figure with Figure 1
that this solution alleviates the difficulty somewhat without requiring a
drastic modification.

The operating angle of the present accelerator pedal requires that drivers
of different statures apply force from different angles of the lower leg and
that they usa whatever is available as a heel rest (some drivers use the linkage,

9
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others the hull, and still others the base of the pedal). The pedal angle
should neve.theless conform to the configuration of the sole of the driveris
boot and offer enough resistance to offset the weight of the faot. The present
pedal satisfies neither requirement. The shape of this pedal ic based on the
driver!s rosition in an obsclete tank and does nct conform to any operating
requirement of the M60 tank. It is split vertically into two leveis for
operation when the hatch is closed and open, but neither level is angled
correctly for M60 positions, or is wide enough to hold the driver's boot.

Nor does pedal resistance offset the weight of the driver!s foot; so he has
to support his foot in a position which becomes tiring after a short time.
This pedal should be modified tc provide a comfortable operating angle for
operation with the hatch both closed and open, and sufficient width and
resistance to support the driver's boot.,

The surface of the pedal has a smooth texture which, when the pedal
becomes covered with mud and oil., allows the foot to slide back and forth.
This sliding is fatiguing and results in erratic acceleration during cross
country driving. This condition could be eliminated by covering the pedal
with a durable corrugated material,

Brake Pedal. The locatien of the brake pedal, high on the hull
and directly behind the steering wheel, requires most drivers to bend their
leg around the wheel to brake. This requirement and the force necessary to
operate the pedal make braking extremely difficult. Obviously the brake pedal

should be relocated, but to what position is not readily apparent.h Relocation

hReloca.tion of the brake pedal raises a question that can not be answered
without further research. Separation of brake and accelerator pedals reduces
the possibility of accelerating when one intends to brake. However, it might
be more advantageous if both the accelerator and brake in the present vehicle
were operated by the same foot. Sufficient separation could still be achieved.
When the accelerator is en the right side c¢f the steering wheel and the brake

10
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is further complicated by the large amount of linkage required to operate the
present braiing system. (See Figure 3.) This linkage restricis not only the
rmmber of possible pedal locations, but also the location and operation of the
other controls. Some method of assisted braking, such as hydraulic brakes,
which would reduce the amount of linkage required, would greatly reduce clutter
and interference and allow for proper location of th: braking controls.

Stzering Wheel. The focus of many layout prcblems in the driver's
compartment is the steering wheel.

It has already been noted that the wheel blocks direct access to the
brake pedal., Covering a fairly large area directly in front of the driver,
the wheel blocks access to much of the forward area and, without stricter
assembly tolerances, is prone to malfunction. (See Figure L.) On some
vehicles the wheel is mounted directly under the middle periscope, so that
the wheel must be removed before the periscops can be removed or replaced.

(n other vehicles the wheel is mounted so near the hull that the driver

bangs his kmuckles or binds the wheel against the hull in making a sharp

turn. Undoubtedly better quality control would solve some of these problems,
but a better over-all solution might be to use a type of steering control

which would not offer much of a blocking problem: for example, a T-Bar or
wobble stick., Most of the drivers interviewed who had operated vehicles in
which other types of con*rols werc used, expressed a definite preference for
the T-Bar or wobble stick. Other studies have incdicated that control preference

is directly related to the amount of past experience with that control (10),

on the left, the driver has a tendency to brace one foot on the accelerator

when he is braking. This tendency is particularly true for trainees, but also
occurs with experienced drivers. In one instance a driver hic both brake and
accelerator pedals when a tank in front of him stopped suddenly. This situation
could be avoided if both pedals were operated by the same foot (as in an auto-
mobile). A study would be necessary, however, to determine the comparative
operating efficiency of the two arrangements,
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Figure 3:

Location of Brake Pedal and

Linkage




